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CROSSPOINT SWITCH WITH SWITCH MATRIX MODULE 

5 CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of the filing dates of 

U.S. Provisional Application entitled Switch Matrix Module 

(Application No. 60/209,552) filed on June 6, 2000, and U.S. 

Provisional Application entitled Pre -Compensation System and 
10 Method For Reducing Inter-Symbol Interference (Application No. 

60/227,550) of which are hereby incorporated by reference as if 

set forth in full herein. 

BACKGROUND OF THE INVENTION 
15 The present invention relates generally to integrated 

circuits, and more particularly to cross switches. 

Cross switches are often used to route data from a variety 
of inputs to a variety of outputs. With ever- increasing data 
communication needs, the number of inputs and outputs to cross 

2 0 switches has often been subject to increase. Moreover, as nodes 

are often in communication with a number of other nodes, the 
connections between outputs and inputs often require 
reconfiguration during operation of the switch. 

Increasing the numbers of inputs and outputs to a switch 
25 generally results in increased die area, power usage, heat 
generation, and complexity of the switch. For example, a switch 
may receive input signals, generate internal signals 
corresponding to the input signals using active elements within 
the switch, control connections between input lines and output 

3 0 lines using active elements, and drive output signals using 

additional active elements. As the number of inputs and outputs 
grow, so do the size, power and other requirements of the switch. 
In many cases these constraints limit the number of inputs and 
outputs available on a particular integrated circuit forming a 
35 switch. 
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One method for providing increased number of inputs and 
outputs is to combine several switch devices into a single 
switch. The switch devices may be combined, for example, as a 
three stage Clos network, a Benes network, or a square crossbar 
switch. Generally, a three stage Clos network and a Benes network 
are more efficient in terms of minimizing the number of switch 
devices (N 3/2 and NlogN respectively) but may be more complex in 
programming or scalability. For a square crossbar switch the 
number of devices increases by N 2 , but greater simplicity in 
terms of each switch device may potentially be obtained. The use 
of a number of switch devices, however, is also problematic as 
the number of devices increases, with accompanying power and heat 
issues . 

Larger switch size also sometimes increases the possibility 
of improper design or improper manufacturer of the chip. Testing 
of larger switches, however, can at times be difficult, both with 
respect to internal switch operation as well as connections to 
the switch. Absent adequate testing capability of the switch 
itself, determination of whether a particular chip is bad or 
whether connections to the chip are flawed may be difficult. 

Further, larger switches require increased programming when 
determining the output input connections. Indeed, in an extreme 
case operation of the switch may be delayed while continued 
programming of the switch occurs. 

In addition, particularly at higher frequencies, data 
degradation may occur due to inter- symbol interference. Inter- 
symbol interference (ISI) can result when the bandwidth of a 
transmission media or an amplifying circuit is not sufficient to 
pass the frequency content of a data signal without attenuating 
or phase- shifting some of the constituent frequencies such that 
a data pulse will not reach its full amplitude. When the data 
pulse passes a given threshold level, a pattern-dependant jitter 
occurs. The pattern-dependant jitter is often due to the 
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narrowing or widening of the data pulses that depends on the data 
pulses 7 voltage history. A signal that has been distorted in 
this way is difficult to recover error-free . 

Typically, to prevent ISI, an amplifier is designed to have 
a flat gain versus frequency response past 0.7 times the bit data 
rate. However, this is often not feasible where numerous 
amplifiers in a chain are required to accomplish a signal 
processing function. For instance, the flat bandwidth of the 
circuit goes down as amplifiers are added. Power dissipation 
constraints or capacitive loading conditions also limit the 
feasibility designing an amplifier to prevent ISI . For example, 
reduced drive or increased loading lead to a reduction in gain 
at lower frequencies. 

Conventionally, flattening the frequency response of 
amplifiers is performed through negative feedback which reduces 
the gain and extends the bandwidth. The use of variable -gain 
amplifiers is another possibility for trading bandwidth for gain. 

One conventional approach for mitigating ISI in linear 
transmission media (not in amplifiers) is static or adaptive 
equalization, in static or adaptive equalization a circuit which 
inverts the characteristics of the medium is placed at the 
receiver (after the transmission medium) to produce a facsimile 
of the original signal. 

However, it is not always possible to have adequate 
bandwidth in a chain of amplifiers and meet other design 
constraints simultaneously. Amplifiers with high bandwidth tend 
to dissipate more power and require more expensive IC processes. 

If there is excess gain in the amplifier chain, negative 
feedback could be used to reduce gain and increase bandwidth, but 
this is not feasible if the output is not in proximity to the 
input. At high frequencies of operation, "in proximity" is in 
practice a very short distance, often far less than the input and 
output pins of an IC. Longer distances for the feedback path can 
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result in delays that de-stabilize the feedback loop and cause 
it to oscillate. The feedback approach also assumes linear 
amplification. If limiting is required, reducing the gain via 
negative feedback will reduce or remove the limiting effect. 

This situation often occurs in un-retimed (asynchronous) 
cross-point switch circuits. For such circuits, where the 
relationship between input and output ports is selectable, a 
feedback path is only established by doubling the required 
connections. Hence, a significant delay would result to cause 
the circuit to oscillate undesirably. 

Furthermore, an equalization approach generally cannot be 
applied at the output of a chain of limiting amplifiers, because 
some of the original characteristics of the signal have been 

15 

removed by the limiting operation. 



SUMMARY OF THE INVENTION 

In one embodiment the present invention provides a 
crosspoint switch unit. In one embodiment the crosspoint switch 
unit comprises a switch matrix module in a crosspoint switch. 
The switch matrix module comprises a first element including a 
semiconductor substrate with a plurality of active elements and 
a second element coupled to the first element. The second 
element includes a first set of transmission lines and a second 
set of transmission lines, the second set of transmission lines 
being orthogonal to the first set of transmission lines. The 
crosspoint switch comprises a plurality of programable registers 
coupled to the plurality of active elements. Each active element 
of the plurality of active elements is coupled to one 
transmission line of the first set of transmission lines in one 
transmission line of the second set of transmission lines through 
a tap. In a further embodiment, inputs are coupled to the first 
set of transmission lines and outputs are coupled to the second 
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set of transmission lines. The inputs and outputs are coupled 
to pads of a printed circuit board via a ball grid array. 

In a further embodiment the crosspoint switch unit includes 
a passive network including capacitors and resistors tuned to 
compensate for signal degradation prior to the first set of 
transmission lines, with the network being embedded in the same 
die of the integrated circuit as the switch matrix module. 

In a further embodiment the crosspoint switch unit includes 
a programming interface coupled to the switch core, with output 
level registers coupled to the outputs of the switch core 
controlling output levels of outputs of the switch core. 

In general terms, the present invention provides a passive 
network within a signal path before a chain of amplifiers. The 
passive network has frequency characteristics approximate the 
inverse of the gain versus the frequency response of the chain 
of amplifiers over the region that is causing ISI . 

The network includes series capacitors, and a combination 
of series resistors and shunt resistors, arranged such that the 
gain of the circuit is less than unity at low frequencies and 
rises with increasing frequency above a frequency determined by 
the desired maximum frequency of operation. 

These and other aspects of the present invention will be 
more readily appreciated upon review of the following discussion 
and in view of the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a cross switch in accordance 
with aspects of the present invention; 

FIG. 2 is a pseudo-schematic of a network for reducing 
inter-symbol interference in accordance with aspects of the 
present invention; 



35 
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FIG. 3A illustrates physical structure of a switch having 
a plurality of switch elements on a substrate in accordance with 
aspects of the present invention; 

FIG. 3B illustrates the physical structure of FIG. 3A 
illustrating control connections between the switch elements; 

FIG. 4 illustrates an output compensation network in 
accordance with aspects of the present invention; 

FIG. 5 illustrates a physical layout of a switch matrix in 
accordance with aspects of the present invention; 

FIG. 6 illustrates a block diagram of a switch matrix in 
accordance with aspects of the present invention; 

FIG. 7 illustrates a block diagram of data flow and control 
of switch inputs and outputs in accordance with aspects of the 
present invention; 

FIG. 8 is a flow diagram of a process programming a cross 
switch using an auto- increment function; 

FIG. 9 is a flow diagram of programming a cross switch using 
a striping function; 

FIG. 10 is a semi -schematic of a programable output drive 
in accordance with aspects of the present invention; 

FIG. 11 is a block diagram illustrating a drive line in 
accordance with aspects of the present invention; 

FIG. 12 is a block diagram of a sense function in accordance 
with aspects of the present invention; 

FIG. 13 is a block diagram of an output clocking circuit in 
accordance with aspects of the present invention; and 

FIG. 14 is an output clocking circuit for performing the 
output clocking of FIG. 13. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a block diagram of one embodiment of a 
switch of the present invention. The switch includes a switch 
core 101, a switch configuration register 103, a staging register 
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105, and a programming interface 109. In somewhat more detail, 
the switch core couples signals from an input bus 3 01 to an 
output bus. The switch configuration register determines which 
output signals of the output bus are derived from which signals 
of the input bus. The staging register provides a temporary 
programming register, the contents of which are transferred to 
the switch configuration register when remapping of the outputs 
to the inputs is desired. The staging register is accessed using 
the programming register. The input bus provides a number of 
signals each to input signal equalization circuits 201. The 
input equalization circuits are coupled to the switch core. 
Similarly, outputs of the switch core are coupled to output level 
control circuits 203 which are coupled to an output bus 303. As 
such, data transmitted on the input bus is transferred to the 
output bus via the input signal equalization circuits, the switch 
core and the output level control circuits. 

The programming of interconnections in the switch core, 
i.e., which input is operationally coupled to which output, is 
carried out via the switch configuration register, staging 
registers, user registers and the programming interface. 

The programming interface is coupled to a primary access 
port 111. Via the primary access port, the programming interface 
is used to provide read and write operations to the staging 
registers. Contents of the staging registers are transferred, 
upon command through the primary access port to a switch 
configuration register, the contents of which control switch 
connections . 

In one embodiment the switch is comprised of a number of 
switch elements. As illustrated in FIG. 3A, each element, or 
matrix, includes a series of overlapping transmission lines. 
A first set of transmission lines on a first plane orthogonally 
crosses over a second set of transmission lines on a second 
plane. The number of the first set of transmission lines and the 
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second set of transmission lines varies. In one embodiment, as 
shown in FIG. 3A, the first and second set of transmission lines 
are fabricated on a ball grid array (BGA) 31 and flip chipped 
onto another larger BGA 33. Signals provided to the switch 
matrix, i.e., input signals, are received by the first set of 
transmission lines. Signals produced by the switch matrix, i.e. , 
output signals, are provided by the second set of transmission 
lines. The network is coupled to two or more transmission lines 
of the first set of transmission lines. 

In the embodiment of FIG. 3A, the switch includes four 
switching elements 35a-d. A first and a third switch element, 
commonly adjacent a first side of the larger BGA as illustrated 
in FIG. 3A, receive input signals. The signals are routed to 
outputs of the switch using the first switch element and a second 
switch element. The third switch element and fourth switch 
element, commonly adjacent a second side of the larger BGA as 
illustrated in FIG. 3A, provide output signals. In operation, an 
input signal applied to the first switch element may be routed 
directly to the third switch element, or routed to the fourth 
switch element by way of the second switch element. 

Further understanding of operation of the device of FIG. 3A 
is provided through FIG. 5. FIG. 5 illustrates one embodiment 
of the physical layout of the switch matrix. The switch matrix 
includes a first and a second element. The first element El 
includes a semiconductor substrate SL1 with a plurality of active 
elements AL1-ALN fabricated on and spaced throughout the 
substrate. A plurality of programmable registers PL1-PLN 
corresponding to the plurality of active elements are also 
included on the semiconductor substrate. Each of the plurality 
of programmable registers are commonly coupled and controlled by 
a programming interface (not shown) . 

The second element includes a first layer of a first set of 
conducting transmission lines and a second layer of a second set 
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of conducting transmission lines. The second set of conducting 
transmission lines are arranged to be orthogonal to the first set 
of conducting transmission lines. The first and second set of 

5 

conducting transmission lines are separated by an insulating 
layer ILL In one embodiment, the first and second set of 
conducting transmission lines are fabricated from a laminate of 
insulating material between a conducting layer having a pattern 
forming an array of multiple parallel controlled-impedance 
10 transmission lines. The placement of the active elements in the 
first elements is arranged to align with the intersections of the 
first set of conducting transmission lines with the second set 
of conducting transmission lines. Inputs to the switch matrix 
are provided at a first layer for the first set of conducting 

15 

transmission lines. Similarly, outputs from the switch matrix 
are provided at a second layer for the second set of conducting 
transmission lines . 

The first element is coupled to the second element which is 
then coupled to a secondary substrate SL2 , such as a ceramic or 

2 0 

flexible flip-chip substrate. The inputs and outputs of the 
switch matrix are coupled to pads on a printed circuit board by 
a ball grid array. Each active element of the first element is 
coupled to one of the first set of conducting transmission lines 
and one of the second set of conducting transmission lines 

2 5 

through taps or a through via-hole. Each tap modifies the 
impedance characteristics of a conducting transmission line, 
i.e., the impedance of a transmission line. The tap, therefore, 
includes a capacitance and inductance. 

In one embodiment, each of the transmission lines has a pre- 

3 0 ■ 

determined width. However, near the junction of the transmission 

lines, each transmission line is narrowed to a second pre- 
determined width smaller than the first pre-determined width. 
As such, each tap approximately coupled to the junction of the 
transmission lines provides additional thickness to each 

35 

transmission line but provides negligible impedance to each 



-9- 



1 45386/DMC/V165 

transmission line. Thus, the impedance of a particular 
transmission line is largely constant along its length. 

In one embodiment, such as that illustrated in FIG. 3A, one 

5 

or more switch matrices are coupled together. For instance, 
outputs of a first switch matrix are coupled to inputs of a 
second switch matrix and outputs of the second switch matrix are 
coupled to inputs of a third switch matrix and so on. Similarly, 
one or more switch matrices are provided on the same printed 
10 circuit board. Each individual switch matrix is controlled by 
a separate programming interface. That is, a separate programming 
interface is provided for each of the switch elements, or 
matrices, making up the switch. The use of a plurality of 
programming interfaces allows for increased speed of programming 

15 

of the switch, particularly as the number of inputs, outputs, or 
switch elements is increased. 

Alternatively, some group of switch matrices may be 
controlled by one programming interface while other switch 
matrices are controlled by another programming interface. As 

2 0 

another alternative, a single programming interface is used to 
program the switch elements. For example, FIG. 3B a system such 
as that of FIG. 3A in which a single programming port is used. 
The programming port is coupled by a plurality of signal lines 
311 to a first switch matrix 313. The first switch matrix in 

2 5 

turn has a number of signal lines 315 coupled to a second switch 
matrix 317. Similarly, the second switch matrix is coupled to a 
third switch matrix 319, and the third switch matrix is coupled 
to a fourth switch matrix 321. Programming information is passed 

on the signal lines from switch matrix to switch matrix in a 

3 0 . 

daisy chain manner using the signal lines. 

In one embodiment, use of or the meaning of programming 
information varies with respect to the location of a switch 
element within the set of switch elements. For example, for an 
input to the first switch element to be output through an output 
35 on the third switch element, the different switch elements 
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generally should not respond in the same way to similar 
programming instructions. Accordingly, in one embodiment, each 
switch element is provided a signal dependent on the position of 

5 

the switch element within the set of switch elements. In one 
embodiment the signal is provided through pins connected to 
elements on the larger ball grid array based on the position of 
the switch element. These pins are then used in interpretation 
of programming commands. For example, in one embodiment the 

1 0 

signals are used to mask programming information, and in other 
embodiments are used in conjunction with the programming 
information. 

In one embodiment, the switch passes differential signals. 
In FIG. 2, one embodiment of a passive network is shown for use 

15 

in a differential signal path. The embodiment of FIG. 2 is used 
as an input signal equalization circuit 21 for the inputs to the 
switch. In one embodiment, the passive network is internal or 
fabricated into an integrated circuit. It has been found that 
including the passive network fabricated with the integrated 

2 0 

circuit, e.g., the passive network is provided on the die of the 
integrated circuit, greatly reduces ISI as opposed to providing 
the network externally to the integrated circuit. 

As illustrated in FIG. 2, the passive network includes 
series capacitors CI and C2 having equal capacitance values C, 

2 5 

series resistors RSI and RS2 having equal resistance values RS 
and shunt resistor RP1 having resistance value RP. At low 
frequencies, the capacitors have high impedance compared to the 
series resistors RSI and RS2 , such that the gain of the network 
approaches a gain value equal to the result of the equation 
30 RP/ (RP + RSI + RS2) . At high frequencies, the capacitors CI and 
C2 have low impedance compared to the shunt resistor, such that 
the gain of the network approaches a gain value of RP/RP or 
unity. 

In one embodiment, the component values of the series 

3 5 

capacitors are pre- selected, such that the impedance of the 



-11- 



1 45386/DMC/V165 

capacitors equals the resistance value RS approximately at the 
corner frequency of the amplifier chain and equals the resistance 
value RP at approximately the desired new corner frequency. 
5 Thus, the flat bandwidth of the amplifier is extended closer to 
the required fraction of the data bit rate. 

Using the network with a modest ratio of high to low 
frequency gain, e.g., 2, allows the use of amplifiers that have 
half the bandwidth normally required and which dissipate half the 

10 

power . 

In one embodiment, the network is applied externally to an 
integrated circuit in order to remove ISI already in fabricated 
circuits. Due to the minimal number of components, the network 
is inexpensive to implement and sufficiently flexible to 

15 

implement for a given application. 

Also, since the network includes passive elements, these 
elements can be segmented and/or programmable (i.e., tunable). 
For instance, in one embodiment where the network is included in 
the integrated circuit, by changing upper metal layers on an 
20 integrated circuit, the elements of the network are manipulated 
and thus allowing for easy tuning of a circuit's ISI jitter 
characteristics . 

In one embodiment, the elements of the network are tuned, 
such that it compensates for all or some of the signal 

p c: 

degradation occurring in the transmission medium leading up to 
a crosspoint switch device. This is particularly valuable in 
applications where multiple stages of crosspoint switch devices 
are cascaded to form a large switch fabric having grossly non- 
ideal electrical or electro-optical connections between the 
30 switch devices. Thus, placing a network of the present invention 
between each of the cascaded crosspoint switch devices reduces 
signal degradation. 

In one embodiment, referring back to FIG. 2, at point XI 
between the capacitor CI and the resistor RSI, a first input 

3 5 

transmission line is coupled to the network. At point X2 , 



-12- 



1 45386/DMC/V165 

between the capacitor C2 and the resistor RS2 , a second input 
transmission line is coupled to the network. At point Yl, 
between the capacitor CI, the resistor RSI and resistor RP1, a 

5 first transmission line of the first set of transmission lines 
is coupled to the network. Likewise, at point Y2 , between the 
capacitor C2, the resistor RS2 and resistor RP1, a second 
transmission line of the first set of transmission lines is 
coupled to the network. Although only one transmission line is 

10 described above coupled to each point XI, X2 , Yl and Y2 , multiple 
transmission lines can be coupled to the points. 

The switch matrices in one embodiment also include output 
pre _ em phasis circuitry. The output pre-emphasis circuitry is 
adapted to drive signals over loads, with decreased reduction of 

15 higher frequency components of the signal. FIG. 4 is a semi- 
schematic of output pre-emphasis circuit providing differential 
outputs of the switch matrices. The circuit is comprised of a 
first capacitively coupled differential pair and a second 
differential pair. The capacitive element coupling the first 

20 differential pair is selectable, i.e. tunable. In one embodiment 
this is accomplished using an array of selectable capacitors in 
series or in parallel, selectable using register bits. A 
resistive element also coupled between the first differential 
pair, and the resistive element is similarly selectable. 

25 Returning to switch operation, FIG. 6 illustrates an 

overview of one embodiment of the crossbar switch matrix of the 
present invention. The switch matrix includes a series of 
overlapping transmission lines. A first set of transmission 
lines XI -X5 on a first plane orthogonally crossing over a second 

30 set of transmission lines Y1-Y5 on a second plane. The number 
of the first set of transmission lines and the second set of 
transmission lines varies. Signals provided to the switch 
matrix, i.e., input signals, are received by the first set of 
transmission lines. Signals produced by the switch matrix, i.e. , 
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output signals, are provided by the second set of transmission 
lines . 

Active elements A1-A30 couple the first set of transmission 
lines and the second set of transmission lines. The number of 
active elements depends on the number of transmission lines XI -X5 
and Y1-Y6. As such, each active element operationally couples 
one of the first set of transmission lines to one of the second 
set of transmission lines. Accordingly, near each junction of 
the first set of transmission lines and the second set of 
transmission lines Y1-Y6, an active element is coupled to one of 
the first set of transmission lines and one of the second set of 
transmission lines. For instance, active element A3 operationally 
couples transmission line XI to transmission line Y3 . 

Power supplied externally (not shown) to the switch matrix 
supplies the power used by each of the active elements. 
Referring to FIG. 7, each active element is coupled to a 
programmable register P1-P30. The number of programmable 
registers corresponds to the number of active elements. Thus, 
in the described embodiment, thirty active elements are provided 
coupled to thirty programmable registers. For clarity, only two 
of the active elements with two programmable registers are shown, 
as it should be recognized that the number of active elements and 
programmable registers may be numerous. In one embodiment, each 
programmable register represents a programmable bit in a 
programmable register. For instance, for thirty active elements, 
thirty programmable bits are stored in one programmable register. 

Referring back to FIG. 7, each programmable register 
includes two states, i.e., "active" or "inactive". When the 
programmable register is in the "active" state, the programmable 
register activates the active element, i.e., turns the active 
element "on". Once, the active element is "on w , the active 
element couples or provides an electrical path from one of the 
first set of transmission lines to one of the second set of 
transmission lines. For instance, referring to FIGS. 6 and 7, 
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if programmable register P7 coupled to active element A7 is 
"active", active element A7 turns "on" to couple transmission 
line X2 to transmission line Y2 . Thus, an input signal received 

5 by transmission line X2 is transferred to transmission line Y2 . 
In one embodiment, output drivers are coupled to the second set 
of transmission lines to supply any gain or amplification 
required for the output signals. Hence, the switch matrix is 
able to operate at low power and low noise, leaving the output 
drivers to provide any needed power for a prescribed signal 
strength of each output signal. 

Output signals transmitted along the second set of 
transmission lines are receivable on both ends of the 
transmission lines. For example, referring to FIG. 2, a signal 

15 on transmission line Y2 , is receivable on one end of the 
transmission line Y2 near active element A6 and also receivable 
on the opposite end of the transmission line Y2 near active 
element A10 . 

The active element, in one embodiment, is an amplifier such 
20 as a transistor set up in an emitter follower configuration with 
base of the transistor coupled to one of the first set of 
transmission lines and the emitter of the transistor coupled to 
the second set of transmission lines. The collector of the 
transistor is coupled to the programmable register to control the 
25 state of the transistor. For instance, to turn the transistor 
"on", a signal is provided to the collector of the transistor to 
bias the transistor, thus a signal from the first set of 
transmission lines coupled to the base is transferred to the 
second set of transmission lines coupled to the emitter of the 
30 transistor less one diode drop. In another embodiment, the 
active element is a transistor set up in an open collector 
configuration. 

Each programmable register is coupled to a programming 
interface. The programming interface 3, in one embodiment, 
35 includes addresses in a programming space. The addresses are 



-15- 



1 45386/DMC/V165 

provided as an array or serially and correspond to a programmable 
register. The programming interface 3 by using the addresses, 
the programming interface is configured to program the 

5 corresponding programmable register to be "active" or "inactive" 
and thus, respectively, turn "on" or "off" the corresponding 
active element. 

Accordingly, through the programming interface, the switch 
matrix is able to be configured to permit only one active 

10 element, out of the active elements coupled to the same 
transmission line of the second set of transmission lines, to be 
"on" at a given time. Hence, two or more active elements coupled 
to the same transmission line of the second set of transmission 
lines cannot be "on". For instance, referring back to FIG. 2, 

15 if active element A4 is "on", active elements A9, A14, A19, A24 
and A29 are "off". Similarly, corresponding programmable 
registers C9, C14, C19, C24 and C29 are "inactive", while 
programmable register C4 is "active" . 

Similarly, through the programming interface, the switch 

20 matrix is able to be configured in a broadcast or multi-cast 
mode, such that a signal transmitted on only one of the first set 
of transmission lines is transferred to all of the second set of 
transmission lines. For example, referring to FIG. 2, in 
broadcast mode, an input signal on transmission line X3 is 

25 transmitted to the transmission lines Y1-Y6 with active elements 
A3, A8, A13, A18, A23 and A28 turned "on". 

At times the entire switch fabric is to be reprogrammed . In 
such instances the programming of the switch may require 
excessive amounts of time, and potentially could result in switch 

30 down time if the interval of switch use in a particular 
configuration is less than the time required to program the 
switch configuration. Accordingly, in one embodiment an automatic 
increment programming function is provided. The automatic 
increment programming function is activated by command through 

3 ^ the programming interface. 
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When the automatic increment programming function is 
activated each output of the switch is sequentially mapped to a 
specified input. In other words, the output to be mapped is not 
specified by a programming command. Instead the outputs are 
assumed to be being programmed sequentially, and the output to 
be mapped to a particular input is not specified. Thus, the first 
input, which may be any of the inputs to the switch, provided 
through the programming interface is mapped to the first output. 
A second input, which also may any of the inputs to the switch, 
is mapped to the second output, and so on. 

In FIG. 8, the process receives the programming 
instruction/data from the programming interface to configure the 
interconnections of the switch core in block 81. In block 83, 
the process maps the input specified in the programming data to 
the first output, i.e., x equals 1. In one embodiment, the 
programming data identifying the specified input to be connected 
to the first output is generated and transferred to the switch 
core. The process auto- increments the selection of the next 
output, i.e., the second output is selected (x equals two), in 
block 85. In block 87, the process determines if all the 
outputs of the switch core have been mapped to a specified 
output, i.e., x equals the maximum number of outputs. If all the 
outputs have been mapped the process ends. However, if 
additional outputs still remain to be mapped, the process 
identifies the next specified input from the programming data in 
block 89. The process, in block 83, the maps the next specified 
input with the next consecutive output. 

In a further embodiment, the switch matrix module also 
includes a striping mode. In striping mode a plurality of inputs 
are mapped to a plurality of outputs in a single programming 
instruction. In one embodiment, the groups of inputs/outputs are 
selected based on the physical placements relative to the 
packaging of the switch matrix module and numerical order of the 
inputs /outputs . 
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For example, in one embodiment using a 144 by 144 switch 
matrix module, the switch matrix module has 3 6 input stripes and 
36 output stripes. Each input stripe defines a group of four 
inputs, e.g., XO, X2 , X4 and X6 . Each output stripe defines a 
group of four outputs, e.g., Y33, Y35, Y37, Y3 9. As such, each 
input stripe can be configured to be operationally coupled to 
each output stripe. 

In one embodiment, a binary code provided via the address/data 
bus selects a particular input or output stripe. In one 
embodiment, the inputs /outputs are numbered consecutively in 
which even inputs /outputs are on one side of the switch matrix 
module and odd inputs/outputs are on the other side of the switch 
matrix modules. Therefore, groups of inputs and outputs are 
groups of even and odd inputs and outputs, e.g., X56, X58, X60 
and X62 or Y113, Y115, Y117 and Y119. 

In FIG. 9, the process receives the programming 
instruction/data from the programming interface to configure the 
interconnections of the switch core in block 91. In block 93, 
the process identifies the group numbers specified in the 
programming data. In block 95, the process identifies or 
associates the group numbers with the appropriate groups of 
inputs and outputs. For example, a group number 1 and 15, in one 
embodiment, would identify inputs XO, X2, X4 and X6 and outputs 
Y30, Y32, Y34 and Y3 6. The process, in block 97, maps the input 
group to the output group. For example, input group 1 (XO, X2 , 
X4, X6) with output group 15 (Y30, Y32, Y34, Y36) . As such, 
interconnections between the inputs defined in the input group 
are established to the respective outputs defined in the output 
group. In other words, for example, input XO is operationally 
coupled to output Y3 0, input X2 is operationally coupled to 
output Y32, and so on. In block 99, the process determines if 
all the group mappings identified in programming data has been 
performed, i.e., if additional group mappings are needed. If no 
additional group mappings need to be performed the process ends. 
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Otherwise, the process repeats continuing to block 93 to identify 
the groups specified in the programming instruction. 

The switch matrix module includes a reset state in which 

5 

interconnects of the switch matrix module is initialized via the 
programming interface. In other words, at initialization each 
input is mapped to one or more outputs. In one embodiment, the 
switch matrix module includes a user defined reset state. The 
user defined reset state initializes the interconnects of the 
10 switch matrix module according to the definitions set, or 
programmed, by a user. The user defined reset state allows for 
bulk transfer of a user defined state, which may be defined for 
example by a user at the beginning of system operation, upon a 
reset command. Such a capability is useful not only at general 

15 

system resets, but at other times as well. For example, a 
particular switch configuration may be commonly expected. In such 
a circumstance, programming of the commonly expected switch 
configuration may be easily accomplished by commanding a system 
reset with the appropriate configuration previously set. 

2 0 

In one embodiment, therefore, referring back to FIG. 1, a 
user initialization register 107 is placed in parallel with the 
staging register. A reset command commands the contents of the 
user initialization register to be transferred to the switch 
configuration register. Thus, when the user defined reset state 

25 

is activated, the programming information saved in the user 
registers are transferred out and the interconnects of the switch 
matrix module are initialized according to the programming 
information from the user registers. 

In one embodiment, the user defined reset state is set using 

30 

a save user initialization bit that when set low programming 
information is transferred from the staging registers to the user 
registers. Likewise, the user defined reset state is set using 
a user initialization bit that when set high the interconnects 
of the switch matrix module are initialized according to the user 
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defined settings, as the programming information from the user 
registers are transferred out. 

As noted above, in reference to FIG. 1, the switch includes 

5 a primary access port coupled to the programming interface. In 
the event that the primary access port is busy or otherwise 
occupied, in one embodiment, the switch includes a secondary 
access port 113. The secondary access port is coupled to the 
programming interface and is configured to communicate with the 

10 programming interface independent of the primary access port. 
In particular, the secondary access port allows asynchronous 
"readback" of connection states of the switch matrix module, 
while the primary access port is actively programming the switch. 
Readback refers to retrieving, i.e., reading back, current 

15 

pending information from a register coupled to the switch matrix 
module. For example , the programming information in the staging 
registers or the user registers are retrieved by activating the 
readback control. The secondary access port also allows 
configuration control of the switch matrix module, such as 

20 

control operation of the DRIVE and SENSE connections, input 
equal izat ion , output drive level control, boundary scan 
operations, temperature sensing and PRBS functions. 

In one embodiment, the switch matrix module is configurable 
using the switch configuration register to provide a high drive 

25 

level and a low drive level for each output pin. Each output is 
provided a current source 1011. The amount of current provided 
by the current source is controlled by a signal from a 
corresponding bit in the switch configuration register. When the 
bit is high, indicating a high drive level, the current source 

30 

is provided a signal to a gate of the current drive source 
resulting in the current source providing additional current. 

In an alternative embodiment only a single bit in the 
configuration register is provided to control output drive 
levels, and all output drive levels are commanded to either a 

35 

high or low drive level. In such an embodiment, a signal 
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generated using the single bit in the configuration register is 
provided to all output current sources. 

In one embodiment drive and sense functions are also 
provided. The drive function drives an input line of the switch 
fabric to a specified state. The sense function senses the state 
of a an output line of the switch fabric. FIG. 11 is a block 
diagram illustrating a drive line. As illustrated, the drive line 
runs across the top of the input lines, and does so prior to the 
input line encountering any active elements. Thus, in one 
embodiment the drive line crosses the input lines approximate the 
input pins to the device. 

The drive line is coupled to the input lines by active 
elements 1103a-e. The active elements, in one embodiment, are 
controlled by bits set in a programmable register. Setting 
appropriate bits in the programmable register turns on a 
specified active element, and couples the drive line to a 
specified input data line. 

In another embodiment the drive line runs physically across 
the input data lines. Transistors are placed in the drive line 
between input data lines, with the drains and sources of the 
transistors being coupled to the drive line. In order to drive 
the first input line with the drive line a first transistor is 
turned on. In order to drive the second input line with the drive 
line the first transistor and a second transistor are turned, and 
so on. 

The drive line is, to an extent, a control point. 
Accordingly, use of the drive line is beneficial in several 
aspects. For example the drive line may be used to check 
connection integrity of the input data lines to external signal 
sources. Use of the drive line may also be convenient for 
checking internal device operation, particularly if the drive 
line may be coupled to the input data lines approximate the 
inputs to the device. 
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Similarly, an output drive line is provided for the outputs 
of the switch. The output drive line is multiplexed with the 
output signal approximate the output signal driver, with the 
output signal driver outputting either an output data signal or 
the signal on the output drive line based on contents of the 
switch configuration register. 

FIG. 12 illustrates an example of a sense function. As 
illustrated a sense line 121 is placed over the data output lines 
of the device. Active elements 123a-d couple the sense line to 
the data output lines. Control of the transistors is as described 
with respect to the drive function, except turning on an active 
element drives the sense line to the state of the selected output 
line . 

A latch 125 is placed at one end of the sense line. The 
latch is also provided a latch signal, in one embodiment 
externally generated, commanding the latch to maintain the state 
of the sense line at a particular point in time. In one 
embodiment the latch signal is externally generated, and may be 
a clock signal, and in another embodiment the latch signal is an 
internally generated relatively low speed clock signal. The use 
of a relatively low speed clock signal allows the latch to 
operate at speeds significantly less than possible data rates of 
the device . 

In operation, therefore, data may be placed on a particular 
input data line using the drive line. Data may also be read from 
a particular output data line using the sense line. Coupling the 
two data lines together allows for device integrity checking and 
boundary scan capabilities. 

In a further embodiment high speed latches 131a-d are 
provided approximate the end of output lines, as is illustrated 
in FIG. 13. The high speed latches allow for clocking of the data 
output from the device. Generally, within the device signal 
propagation times vary with changing path lengths as the switch 
reconfigures. Accordingly, if the switching device is 
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asynchronous, the output data on any one output line may 
experience variations in when signal transitions from high to low 
or low to high occur. Such variations may result in loss of lock 
by later downstream devices, particularly if the variation 
results in a downstream device attempting to sample the output 
data about transition points. 

Latching of the output data allows for clocking of the 
output data stream. In one embodiment, the latching of the data 
may vary somewhat in time, but is limited to a relatively small 
range within the expected period of a signal. In other words, if 
data is passing through the switch at a known periodic rate, the 
latching of the data is accomplished within a limited range of 
that period. 

FIG. 14 illustrates a circuit for providing a latching 
signal to an output latch. The circuit includes a number of 
latches 141a-c. Each of the latches has as a data input the 
output data line, with each data input to a latch slightly 
delayed with respect to one another. The latches are therefore 
arranged in a set, with each subsequent latch in the set 
receiving a data signal with a slightly greater delay. 

The outputs of the latches are provided to a demultiplexer 
143. The outputs of the latches are also provided to XOR gates 
145a-b, with each XOR gate receiving inputs from two adjacent 
latches in the set of latches. Accordingly , a high output from 
a particular XOR gate indicates the presence of a data 
transition. The outputs of the XOR gates may therefore be used 
in a selector function 147 to provide a select signal to the 
demultiplexer, with the select signal selecting an output of a 
particular latch farthest from the transition point. 

Accordingly, the present invention provides a switch matrix. 
Although this invention has been described in certain specific 
embodiments, many additional modifications and variations would 
be apparent to those skilled in the art. It is therefore to be 
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understood that this invention may be practiced otherwise than 
as specifically described. Thus, the present embodiments of the 
invention should be considered in all respects as illustrative 

5 

and not restrictive. 
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